The Galactic foreground contamination in CMBR anisotropies, especially from the dust component, is not easily separable from the cosmological or extragalactic component. In this paper, some doubts will be raised concerning the validity of the methods used to date to remove Galactic dust emission in order to show that none of them achieves its goal.
Introduction
The cosmic microwave background radiation (CMBR) has been interpreted as the relict radiation of an early stage of the Universe. Its black-body spectrum (Mather et al. 1994 ) of 2.75 K reveals a very small dependence on sky position. Measurements of the anisotropies, carried out by several teams of researchers over the last two decades, have been claimed to provide information on the structural formation of the Universe, inflation in its early stages, quantum gravity, topological defects (strings, etc.), dark matter type and abundance, the determination of cosmological parameters (H 0 , Ω m , Ω Λ , etc.), the geometry and dynamics of the Universe, the thermal history of the Universe at the recombination epoch, etc. (e.g., Bennett et al. 2003a ). There are even some researchers who claim that the golden era of cosmology, the age of the precision cosmology, has arrived with the new experiments to measure these anisotropies and other optimistic interpretations of observational cosmology. However, all that glitters is not gold and what is claimed as a source of cosmological information is often something else. One should be very careful to ensure that there are no contaminants along the light path of this microwave radiation, Galactic contamination being one important factor. If one wants to do "precision cosmology", then even greater care must be taken. Many authors (see the brief review in §2) have studied the different components of the Galactic microwave foreground radiation, but in my view these efforts are still insufficient to separate the components appropriately. The foreground emission is small; there is no "galactic foreground contamination which is 1,000 times more intense than the desired signal (as claimed by Robitaille 2007 ) in off-plane regions; this is completely wrong, but neither is the foreground contamination entirely negligible.
At least, some doubts on the validity of the foreground Galactic subtraction from microwave anisotropies can be expressed, and this is precisely the topic of this paper, together with some analysis to constrain Galactic emission. In §2, I review the recent bibliography on the topic and discuss critically the methods of foreground subtraction. I analyse the galactic latitude dependence ( §3) from WMAP first year data.
The frequency dependence is discussed ( §4) with the data in the available literature. Other possible sources of contamination are also discussed in §5. 3 
Some comments on the present status of CMBR foreground analysis
The consideration of the Galactic foregrounds has been present for a long time now. However, an analysis of the papers analysing the problem reveals that it was sometimes underestimated, and that the problem of Galaxy subtraction has become more complex in recent years.
For instance, Gutiérrez de la Cruz et al. (1995) , Davies et al. (1996) thought that Tenerife data at 15 GHz (see also Gutiérrez et al. 2000) were likely to be dominated by cosmological fluctuations, and that 33 GHz data were almost unaffected by the Galaxy (∼ 4µ K in scales of 5-15 degrees). More recent analyses (WMAP, Bennett et al. 2003b , Fig. 10 ), however, have claimed that for comparable angular scales the Galaxy is dominant in the anisotropies at 22.8 GHz (and the Galactic contamination at 15
GHz is not much smaller than at 22.8 GHz), and at 33 GHz the Galactic anisotropies are of the same order as those from the CMBR. Also, at small scales, less than a degree, the foreground Galactic emission dominates (Leitch et al. 2000) . Halverson et al. (2002) and Fernández-Cerezo et al. (2006) claim that the cosmological signal is still dominant at |b| > 40
• around 15 GHz and 31 GHz respectively for intermediate and small angular scales (around a degree and down to ≈ 12 arcminutes respectively), but their analysis is based on correlations with templates, which, as we will see below, might not be appropriate. An explanation for this is that it is mainly due to the existence of a new kind of emission correlated with the dust that was not discovered previously; the synchrotron and or free-free emission might also have been A question might arise as to whether the contamination in the remaining frequencies is being correctly accounted for. Typical calculations of dust contamination claim that it should not be predominant, and that its contribution can be subtracted accurately, but how sure can we be of this statement? How accurate is the subtraction of the dust foreground signal?
Dust foreground removal with templates
A first difficulty in the subtraction of the dust component is to know exactly how much emission there is in each line of sight. First approximations came with extrapolations from the IRAS far-infrared and DIRBE data (with the zodiacal light subtracted, as well the cosmic infrared background) used to model the dust thermal emission in microwaves. Templates were taken from these infrared maps and extrapolated in amplitude by a common factor for all pixels. The problem is that, as said by Finkbeiner et al. (1999) , 'a template approach is often carelessly used to compare observations with expected contaminants, with the correlation amplitude indicating the level of contamination. (...) These templates ignore well-measured variation in dust temperature and variations in dust/gas ratio.' According to López-Corredoira (1999), the growing contrast of colder clouds in the background of the diffuse interstellar medium will produce much higher microwave anisotropies than the product of the template extrapolation. Neither is it a good strategy to subtract a scaled IRAS template to remove the spinning dust in multifrequency data since it produces large residual differences (Leitch et al. 2000) .
A better approximation to this dust emission in the microwave region came with the adoption of we can extrapolate the average flux, and that a colour term can correct the pixel-to-pixel differences is comparable to the assumption that a model with only two kinds of stars and the knowledge of (B − V )
for each star we can extrapolate the star counts from optical to mid-infrared for the whole Galaxy. It is also very common (e.g., Masi et al. 2001 , Fernández-Cerezo et al. 2006 ) to calculate the Galactic dust contribution in some microwave data by just making a cross-correlation between these data and some far-infrared map of the sky. This is simply wrong and not even valid for ascertaining the order of magnitude of such contamination. Since the templates in infrared cannot be used as maps of the microwave Galactic emission, there will be non-correlated emission coming from the dust too. That is, there will be many clouds that emit substantially in microwaves, and that are not detected in far-infrared maps.
Therefore, any method of foreground subtraction which uses templates will have serious credibility problems with regard to the goodness of the subtraction. This applies not only to those methods that use templates directly with coupling coefficients derived from cross-correlation but also to MEM (maximum entropy method; Bennett et al. 2003b ), which uses in the initial stage templates for the dominant foreground components and also establishes some a priori conditions of their spectral behaviour. Moreover, any calculation of the limits of such contamination based on cross-correlations will not be totally accurate.
Dust foreground removal without templates
If removal of foreground contamination is applied without the use of templates, we might need a knowledge of all of the physical components of this foreground emission and their spectral behaviour.
With ISO-90,180µm, a power law down to scale of 3 ′ is found in the power spectrum ( 
Non-gaussianity
Another aspect to think about is the non-gaussianity of the anisotropies distribution. Standard theories involving inflation generally predict a pattern of gaussian noise; whereas non-standard theories based on symmetry breaking and the generation of defects have more distinctive signatures (Coulson et al. 1994 ).
The fact is that a non-gaussian distribution was discovered in the anisotropies against all predictions of current inflationary cosmological models by many different authors with different methods (Ferreira et al. − 1 would be 91%, for any galactic latitude. If we assume a cosecant law for galactic latitude dependence, this absolute value of the asymmetry would be ≈ 3 times higher at |b| = 20
• than at |b| = 90
• . Of course, this is a rough calculation because the scale-height might change in microwaves with respect to the value inferred from the extinction in infrared, there is longitude dependence, flares, the accuracy of the cosecant law for low latitude regions is not good. Clouds sizes and other factors should be taken into account too.
Nonetheless, we are limited by the variations of the anisotropies produced by the own cosmological anisotropies, especially those at large scale, which have a range of possible gradients that could even mimic the Galactic gradients. Multipoles of low-l with l ≥ 2 are part of the fluctuations, and one might suspect that they are responsible for the gradients and the difference north/south. One way to check whether these variations with Galactic position exist and whether they are within the expected cosmological variation or not is to measure them with real data (WMAP) and compare with realizations. 
WMAP data analysis

Simulations
We now do the same measures in 20 random realizations of the expected WMAP sky (Eriksen et al. 
Latitude dependence on small angular scales
We might think that the variations among zones could be reduced if we used only a high-l (small angular scale) range of the power spectrum with the same shape for all selected regions instead of circular rings of variable thickness and height parallel to the Galactic equator. If we do the analysis of [l(l + 1)C l /(2π)] for 316 ≤ l ≤ 354 with 28 points distributed with different galactic longitudes and latitudes
• in circles of radius of 9
• which are not overlapping to each other, we get
that is, the error bar is larger than the measured slope.
Constraints on the maximum Galactic contamination
All angles: We are therefore very limited in ascertaining the Galactic contamination through this kind of analysis. The values of the present simulations allow us to put a higher limit but these numbers permit a very wide range of Galactic contamination amplitudes. On average, for both hemispheres, it should be less than +43 × 10
foreground corrections reduce the value of the slope c by an average of 13×10 −6 mK 2 /deg and they claim that this is representative of 10% of contamination by the Galaxy, an estimate of the maximum limit of contamination by the Galaxy is less than 33% (1σ) [49% (2σ)].
Another way to analyse it would be to suppose that the Galactic contamination follows a cosecant law in the dependence on galactic latitude. Then c gal /a gal = 9.5 × 10 −3 (derived from a linear fit in the same conditions as for the analysis of the WMAP data); so the excess over the average in the simulation (< c >= +11.3 × 10 −6 ) in the south of c gal = ∆c = 27.8 × 10 −6 − 11.3 × 10 −6 ± 21 × 10 −6 mK 2 /deg. = 16.5 ± 21 × 10 −6 mK 2 /deg. implies that a gal,south = 1.7 ± 2.2 × 10 −3 , i.e. 19 ± 25% of the total emission (a = 8.9 × 10 −6 ). This means that the Galactic emission in the south is less than 44% (1σ) [69% (2σ)].
The same analysis for the northern hemisphere gives: less than 35% (1σ) [64% (2σ)]. Given that, as said above with regard to the asymmetry south/north, the contamination in the south should be 1.94 times the contamination in the north, we can further reduce the constraint in the north: less than 26% (1σ)
[41% (2σ)]. Therefore, on average in the north and the south, the contamination is less than 35% (1σ)
[55% (2σ)].
Small angular scales: With the numbers at small angular scales given in §3.3, we can set the constraint:
, which implies, assuming a dust emission proportional to 1/sin(|b|), that
Comparing with eq. (3), we get the constraint that the Galactic emission must be lower than 8% (1σ) [20% (2σ)]. We see, then, that the restriction of values of l is more efficient for constraining the Galactic contamination.
The frequency dependence
In my opinion, the most important proof presented to claim that most of off-plane microwave anisotropies have a cosmological origin is the frequency dependence. The near independence in the range of 50-90
GHz is not conclusive because this could be produced by the Galaxy too, mainly as a combination of thermal dust and rotational dust emission (López-Corredoira 1999). However, the surveys with a larger GHz. The spectral analysis of FIRAS+WMAP by Fixsen (2003) also shows that the anisotropies are Planckian, although Fixsen (2003) assumes that the frequency and spatial dependences of the Galaxy are separable and modelled by templates, which is not a trustworthy assumption. Since Galactic dust thermal emission of 7-20 K temperature grains should have some frequency dependence, we must conclude that they are not predominant. We have, within the error ranges of the calibration and within the error bars of the power spectrum (around a 10% in total), a constant amplitude over a factor 5 in frequency.
The amplitude of the anisotropies depends on two factors (López-Corredoira 1999): the variation of the mean flux with frequency, and the ratio of diffuse and cloud emission as a function of frequency; but in any case, the variation of (∆T ) 2 should be at least twice as high at 250 GHz than at 50 GHz. This minimum factor roughly equal to two stems from the multiplication of the first two factors specified in López-Corredoira (1999, eq. 2):
≈ 5 (López-Corredoira 1999, Fig. 5 ), and
<≈ 3.3 (López-Corredoira 1999, eq. 12) so
Assuming this roughly minimum factor of two in the increase in Galactic anisotropy at 250 GHz with respect to 50 GHz, if we observe a maximum of 10% excess in the total contribution, it means that the Galactic emission should be lower than a 10% of the total contribution of the anisotropies in average in the range of frequencies.
Other contaminants
Although it is not the matter for this paper, it is important to point out that, apart from the cosmological and the Galactic signal, there may other contaminants: either from closer sources (in the solar system or the solar neighbourhood), or extragalactic sources much closer than z = 1000-1500 (as is supposed for the cosmological origin).
Copi et al. (2006, 2007) show that the two lowest cosmologically interesting multipoles, l=2 and 3,
are not statistically isotropic. The planes of the quadrupole and the octopole are unexpectedly aligned there is some other, unknown factor damping the effects of dispersion and focusing. It was speculated that the large-scale curvature of space may not entirely be an initial value problem related to inflation.
The absence of gravitational lensing of the CMB points to the possibility that even effects on light caused by wrinkles in the space of the late (nearby) Universe have been compensated for, beyond some distance scale, by a mechanism that maintains a flat geometry over such scales. Or high energy electrons may synchrotron radiate in the intracluster magnetic field of strength B <∼ 1µG to produce cluster microwave emissions in the WMAP passbands that account for the missing Sunyaev-Zel'dovich effect flux (Lieu & Quenby 2006) . However, one is also tempted to interpret this in terms of the importance of extragalactic non-cosmological contribution in the microwave anisotropies.
Summary and conclusions
Summing up, CMBR anisotropies are not totally free from from solar system, Galactic or extragalactic contamination, and an accurate way of correcting for all these contributions has still to be devised since we do not have accurate information on the microwave emission of any of these contributions.
Considering only the Galactic dust component, the main topic of this paper, it was shown that the methods used to remove it (templates, cross-correlations, assumption of a Galactic power spectrum, MEM, ILC, etc.) are all inaccurate and one should not expect to produce maps clean of Galactic dust contamination by applying them. The analysis of galactic latitude dependence of these anisotropies and the fact that the power spectrum is nearly independent of the frequency over a range 50-250 GHz can be considered at least as a proof that the Galactic dust emission is lower than a 10% on the ∼ 1 degree scale [or double of this value considered to 2σ], possibly higher for lower l multipoles. This uncertainty in the Galactic contamination may produce important systematic errors in some cosmological parameters.
The determination of the error bars in the cosmological parameters taking into account the possible foreground contamination values is beyond the scope of this paper. Further research is needed in this respect. In any case, one thing is clear: the present error bars calculated for the cosmological parameters (e.g., Spergel et al. 2007 ) are very significantly underestimated and the range of possible values is not as small as indicated by the "precision cosmology" claim.
Therefore, I conclude that the most pessimistic possibilities among those claimed in López-Corredoira (1999) (that Galactic contamination could be dominant) is discarded, but I keep my position that we are far from achieving a "precision cosmology" with CMBR data. My suggestion with regard to the problem would be that rather than performing an incorrect subtraction of the foreground and claiming that a clean map is obtained that is purely cosmological, we might better use the map without corrections or only with a first-order approximation subtraction, and calculate the cosmological parameters with the appropriate error bars taking into account the uncertainties in the foregrounds (Galactic or any other), to be constrained only by the frequency dependence.
